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Abstract. Variation is a typical characteristic for food products because they consist of biological 
materials. Especially raw materials which are directly delivered from primary production to processing 
companies show considerable variation. Taking into consideration the raw milk hygiene, the large variation from 
the incoming materials will be a great importance for the stages of processing. A real control considering 
hygiene of the raw and pasteurized milk is very important for the consumer safety. The major aim of quality 
control is to produce a product that complies with targets within set tolerances. Therefore, a profound 
understanding of the sources of variation is required. Another reason for quality control is quality improvement. 
The effect of any improvement cannot be measured if the process is unstable and shows great variation. Quality 
control can be considered as a major process to realise quality of products and productions. For the variability 





Milk is synthesized in specialized cells of the mammary gland and is virtually 
sterile when secreted into the alveoli of the udder. Beyond this stage of milk production, 
microbial contamination can generally occur from three main sources (Bramley and 
McKinnon, 1990); from within the udder, from the exterior of the udder and from the 
surface of milk handling and storage equipment.  
Controlling not only means inspection, but also taking corrective actions when the 
performance is not in compliance with specifications (Luning et al., 2002). Statistics are also 
applied to control manufacturing processes. Statistical process control (SPC) is a specific 
approach to monitor the operational process in order to identify special variations. Specific 
variations are out-layers, which exceed the common variation. Common variation is inherent 
to the process methods, materials, environment and people used.  
For the variability analysis of total number of germs from raw milk it was used control 
chart EWMA (Exponentially Weighted Moving Average). The EWMA is a statistic for 
monitoring the process that averages the data in a way that gives less and less weight to data 
as they are further removed in time. For the EWMA control technique, the decision depends 
on the EWMA statistic, which is an exponentially weighted average of all prior data, 
including the most recent measurement.  
 
MATERIAL AND METHODS 
 
Bacteria numbers in milk are determined by testing the tank samples. These samples 
of the raw and the pasteurized milk were analyzed daily between January and October. The 
samples were analyzed with Bactocount equipment (provided by Bentley Company) for the 
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measures of bacteria count present in the raw milk. The Bactocount 70 is designed with the 
latest technology that uses fluorescent microscopy to analyze seventy milk samples per hour. 
The instrument is a completely automated system that consists of five modules: a computer, 
autosampler, incubator, filter and a counter.  
The aim of statistical process control is to monitor the process and to distinguish 
normal variation from special variation. Normal variation is due to natural variation, which is 
inherent to the process. It includes all those factors that are not pertinently controlled, such as 
the relative humidity or the temperature of the environment. Special variations represent 
unusual variability in the process due to, for example, occasional extreme large seasonal 
differences in raw materials. 
For statistical monitoring of the results it was used the EWMA control chart. A 
definition of EWMA is: the statistic that is calculated:  
EWMAt = Yt + ( 1- ) EWMAt-1    for t = 1, 2, ..., n.  
where,  
- EWMA0 is the mean of historical data (target) 
- Yt is the observation at time t 
- n is the number of observations to be monitored including EWMA0 
- 0 < 1 is a constant that determines the depth of memory of the EWMA. 
The parameter  determines the rate at which 'older' data enter into the calculation of 
the EWMA statistic. A value of = 1 implies that only the most recent measurement 
influences the EWMA. Thus, a large value of = 1 gives more weight to recent data and less 
weight to older data; a small value of gives more weight to older data. The value of is 
usually set between 0.2 and 0.3 although this choice is somewhat arbitrary. (Lucas and 
Saccucci, 1990) give tables that help the user select . The estimated variance of the EWMA 
statistic is approximately  
s
2
ewma = ( /(2- )) s2  
when t is not small, where s is the standard deviation calculated from the historical data. The 
center line for the control chart is the target value or EWMA0. The control limits are:  
UCL = EWMA0 + ksewma  
LCL = EWMA0 - ksewma  
where the factor k is either set equal 3 or chosen using the Lucas and Saccucci (1990) tables. 
For statistical interpretation and representation it was used some statistical software: 
Statgraphics and Minitab 15. 
 
RESULTS AND DISCUSSIONS 
 
There were made analyses on raw milk before the industrial processing (the number of 
total germs). They variations was investigated using some elements of descriptive statistics of 
using the result of daily analyses done in these intervals. Thus it was obtained a comparative 
study considering the quality of raw milk used in processing in the year 2005. Test results 
provide an estimate of the total number of bacteria present in the sample from January, April, 
July and October (Table 1). The number, expressed as bacteria per ml, does not identify 
species of bacteria present, just the estimated total number. This value represents the number 
of bacteria that have entered the tank from all possible sources (Pentelescu O., Mureşan G., 
2004). It includes bacteria in milk from infected cows, bacteria normally present on teat skin 
and bacteria found in dirt on the outside of the teats and udder and. It also includes bacteria in 
dirt, water and manure that may have entered the cluster during fall-offs, liner slips or when 
components are rinsed off with water and contamination is carried into the system. Finally it 
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may be from bacteria buildup on inadequately cleaned milk contact surfaces anywhere in the 
system. Milk cooling problems may also contribute to elevated bacteria counts because warm 
temperatures accelerate bacteria growth. And also contain some contaminants during 
transportation. 
Table 1 





Count Average UCL LCL 
January 26 410692 425480 395905 
April 25 477820 489037 409780 
July 27 489037 521736 343528 
October 27 461852 383814 456338 
  
For the variability analysis of total number of germs from raw milk was used control 
chart EWMA (Exponentially Weighted Moving Average), which is typically used for 
observation done individually at different time intervals. The EWMA is a statistic for 
monitoring the process that averages the data in a way that gives less and less weight to data 
as they are further removed in time. For the EWMA control technique, the decision depends 
on the EWMA statistic, which is an exponentially weighted average of all prior data, 
including the most recent measurement. The data are assumed to be independent and these 
tables also assume a normal population. Using the EWMA control chart it was obtained the 
next control limits for January, April, July and October (Figure 1). 
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EWMA Chart for Octombrie















Figure 1. EWMA graphics for January, April, July and October 2005. 
 
From the graphic analysis of EWMA carried in April is noticed three consecutive 
points out of control (Fig. 1). In these situations could be taken special measures to identify 
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the causes which determined them. If UCL don't involves the security of the consumers or a 
legislative restriction these can be tolerate. 
 As it can be seen, the chart doesn’t contain points out of control in July. But the UCL 
disposed at the value of 521736 of germs ml, violates the legislative recommendations in the 
year 2005. In these conditions the UCL must be reduced at the legislative restriction. At this 
point, being showed clearly some points out of control (Fig. 2).  
 It is very important that products specifications and process parameters to represent 
both standards and tolerances. When a process is out of control, there must be taken corrective 
action. This involves the identification of the causes of variability and their correction 
(Stevenson, 1999). 



















EWMA Chart of Iulie
 




Quality has become a vital distinctive feature for competition in the world market of 
food products. To obtain a good quality end product, quality is more and more managed along 
the whole food chain from the supplier of raw materials to consumption.  
Bacteria in milk potentially represent a public health concern in addition to a milk 
quality concern. For dairymen, raw milk bacteria counts represent an economic concern since 
in many cases the quantity of bacteria allowed in raw milk is directly related to bonus 
payments. Pocket book issues quickly command attention. Bacteria numbers in milk are 
determined by testing the bulk tank samples that are collected by milk haulers prior to 
transferring the farm bulk tank contents to the tank truck. 
The use of EWMA control chart provided to be a very tool useful in the case of total 
germs monitoring from the raw milk, but a further research is needed in other sectors from 
food industry to conclude the fact that EWMA could be a general useful tool in monitoring 
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